In order to elucidate some aspects of the epidemiology of listeriosis in Switzerland, 181 strains of Listeria monocytogenes isolated from humans, animals, food, and the environment have been analyzed by multilocus enzyme electrophoresis at 21 enzyme loci. The clone responsible for several recent food-borne outbreaks in Switzerland and in North America (marked by electrophoretic type 1 and serovar 4b) has been found frequently among strains isolated from animals. Thus, animals may represent a major source of diffusion of this clone in the environment and in food, in which it has been found only sporadically, however. Two other unrelated clones (including strains belonging to serovars 1/2b and 1/2c) have often been isolated from meat but not from animals. These findings indicate that contamination of meat with L. monocytogenes might originate mainly from the environment in which it is processed rather than from animals themselves. This could explain the differences in the distribution of L. monocytogenes serovars isolated from meat and from animals.
Listeriosis in humans and animals is caused by the opportunistic bacterium Listeria monocytogenes. The most frequent clinical consequences of this severe disease are meningitis, encephalitis, septicemia, abortion, and stillbirth (11) . The incidence of listeriosis has been low but seems to be rising (18) , and the repeated outbreaks in the 1980s have increased the interest in the epidemiology of this disease.
L. monocytogenes is widely distributed in the environment (22, 29) , and healthy carriers are found among humans and animals (11, 15, 27, 28) . This microorganism has also been isolated in numerous foodstuffs, in which it can survive and multiply (30) . Some of these isolates (from milk, cheese, chicken, sausages, seafood, and vegetables) have been suspected, or proven, to be the source of infection (2, 3, 6-8, 10, 13, 14, 16, 17, 20, 23, 24) . Thus, both in sporadic cases and in epidemics, listeriosis is presently considered to be mainly a food-borne disease.
The ubiquity of L. monocytogenes makes typing methods essential for the study of its epidemiology. One typing method is multilocus enzyme electrophoresis (MEE) (26) . By this powerful method, bacterial isolates are differentiated according to the variation in electrophoretic mobility of a large number of metabolic enzymes. Different electromorphs of each enzyme are presumed to reflect alleles at the corresponding gene locus, and the electromorph profiles for a number of enzymes are interpreted as multilocus phenotypes (electrophoretic types [ETs] ) reflecting the chromosomal genotype. MEE has already been successfully applied to L. monocytogenes and has been shown to be much more discriminatory than the commonly used serotyping (4, 5, 21) . Furthermore, by MEE, all strains of L. monocytogenes can be typed, whereas this is often not the case when phage typing is used (1) . Another significant advantage of MEE is its ability to estimate the genetic relatedness among strains.
An epidemic of listeriosis due to contamination of a regional soft cheese occurred in Switzerland in the years 1983 to 1987 (6) . Using MEE, we have shown that despite the high genetic diversity in natural populations of L. monocytogenes, only two clones were responsible for this and * Corresponding author.
four other outbreaks (10, 13, 17, 21, 23) . These results were recently confirmed by Bibb et al. (4) and led to the hypothesis that, as in many other bacterial species, most of the clinical cases are caused by only a few clones which either are particularly common in the environment or have an unusually high level of pathogenicity (19, 21) .
In this report, we describe the analysis with MEE of Swiss L. monocytogenes isolates of different origins (humans, animals, the environment, meat products, milk, and cheese). The results of this study provide information about the distribution of the clone responsible for the Swiss epidemic of 1983 to 1987 (6) and other clones.
MATERIALS AND METHODS
Bacterial isolates. We analyzed 181 strains of L. monocytogenes isolated from different parts of Switzerland during the period from 1981 to 1989. Of these, 43 isolates were of human origin, 49 were from animals, 40 were from meat and meat products, 19 were from milk and cheese, and 30 were from the environment (silage, salad, grass, soil, dairy, material used for the production of cheese, and sewage).
Serotyping. Serotyping was performed according to the method of Seeliger and Hohne (25) .
Electrophoresis of enzymes. Lysate preparation, electrophoresis, and the following enzyme selective stainings were done as described by Selander et al. (26) : aconitase, acid phosphatase, adenylate kinase, alanine dehydrogenase, catalase, a-esterase (developed with a-naphthyl propionate as a substrate), ,-esterase (developed with ,B-naphthyl propionate as a substrate), fumarase, NADP-dependent glutamate dehydrogenase, glutamic-oxalacetic transaminase, NAD-dependent glyceraldehyde-3-phosphate dehydrogenase (GP1), glucose-6-phosphate dehydrogenase (G6P), isocitrate dehydrogenase, indophenol oxidase, lactate dehydrogenase, mannose phosphate isomerase, nucleoside phosphorylase, L-phenylalanyl-L-leucine peptidase, 6-phosphogluconate dehydrogenase, phosphoglucose isomerase, and phosphoglucomutase. The following modifications were made: electrophoreses for catalase, ot-esterase, ,-esterase, and adenylate kinase were made in buffer F, and those for G6P and mannose phosphate isomerase were made in buffer B (26) . For a-esterase, only the lowest band appearing on the gel was considered. Specific stainings for catalase and glutamicoxalacetic transaminase were performed according to the method of Harris and Hopkinson (12) .
Statistical analysis. Statistical analysis of the data was made with a computer program designed by T. S. Whittam and R. K. Selander. Briefly, the genetic diversity for each enzyme locus among ETs was calculated as h = [nl(n -1)], where xi is the frequency of the jth allele and n is the number of ETs. The genetic distance between ETs was expressed as the proportion of loci at which dissimilar alleles occurred with the contribution of each locus inversely weighted by the genetic diversity (h) at the locus (26) . The clustering of ETs was made by the average-linkage method from a matrix of coefficients of pairwise genetic distances.
RESULTS
For the 21 enzymes analyzed, the number of alleles per locus ranged from 1 (indophenol oxidase and nucleoside phosphorylase) to 10 (P-esterase), with an average of 4.0. The genetic diversities at each locus were between 0.000 and 0.780 (Table 1) . Fifty ETs could be identified for the 181 strains of L. monocytogenes examined. The genetic relatedness and the source of the isolates are represented in the dendrogram of Fig. 1 . The population of L. monocytogenes studied is composed of two main clusters of ETs separated at a genetic distance of 0.47 (clusters I and II of Fig. 1 ). Specific association of alleles for acid phosphatase, fumarase, GP1, and G6P was found in these main clusters. (17, 21) . A strain of the same ET (4, 21) was also linked to an epidemic due to coleslaw in the maritime provinces of Canada in 1981 (23) . Further studies are necessary to explain the repeated occurrence of the clone marked by ET 21 enzyme loci. .Note that except for ET 1, the ETs in this study do not correspond to those we published elsewhere (21) . Strains were from animals (A), meat and meat products (M), humans (H), milk and cheese (C), and the environment (E). T, total. fumarase, GP1, and G6P) also differ from those reported by these authors (G6P and 6-phosphogluconate dehydrogenase). This may be due to the different geographical origins of the strains examined. Alternatively, the different buffer systems used for electrophoresis, which can change the relative mobilities of enzymes and the number of distinguishable electromorphs, may also be the cause of these discrepancies.
Our results show that even if the incidence of listeriosis in Switzerland has dramatically dropped after withdrawal of the contaminated cheese (6), the proportion of human cases caused by ET 1 has remained high (24.2%). Thus, the clone marked by ET animal case occurred (Table 2) . Thus, animals might play a major role in the dissemination of this strain, particularly in the environment. We have also found ET 1 strains in silage and in the soil near a farm ( Table 2) . ET 1 strains were found twice in raw milk, twice in cheese other than that responsible for the epidemic of 1983 to 1987, and twice in the environment in which cheese is produced ( Al  A7  A20  A8  A9  A4  A13  A14  A3  A5  A26  A28  A29  A31  A34  A36  A37  A38  A40  A41  A42  A43  A45  A46  H4  2  H10  Hll  H21  H28  H32  H34   H40  H41  E32  H18  H19   Lii   L43  L58  L60  E24  V78  E6   Eli   E14  E19  E37   Serovar   4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b   4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b  4b (9) . However, these two clones were found only sporadically in humans and milk but never in animals. Conversely, ET 1, which is frequent among isolates of animal origin, was found only once in meat (Fig. 1) . Furthermore, among the 30 ETs discovered in animals or meat, only two (ET 1 and ET 5) were found in both (Fig. 1) 
